Introductory comments Background
African elephants' habitat has been shrinking ever since humans began cultivating and developing wilderness areas, often encroaching into habitats designated to protect wildlife. This competition has resulted in the confinement of elephants and other wildlife to reserves and national parks.
When elephant numbers are deemed to exceed the carrying capacity of an area, culling may be called for. Concomitantly, the previous popularity of ivory resulted in the killing of elephants to keep up with the demand. Poaching, habitat reduction, and habitat fragmentation are probably major causes for the drastic decline in numbers of wild African elephants (Loxodonta africana) -from about Figure 1 . Map of Eritrea depicting major rivers, roads, towns, and elephant habitat [artwork by Jann S. Grimes]. Figure 2 . A view near the "swollen" Gash River, Zoba southwest Eritrea [this photograph and Figs. 3, 5, 7, and 8 were taken by J. Shoshani], Figure 3 . In search of elephant spoor in doum palms woodland in the floodplain of the Gash River. In places the forest is dense which makes it difficult to spot elephants. 609,000 in 1989 (Douglas-Hamilton and Michelmore, 1996) . Historical and paleontological records of elephants and proboscideans in Eritrea are noted in Appendix 1.
Captions for figures, on next page
Habitat fragmentation results in isolation of elephant populations. They have become islands of demes or separate sub populations, developing their own behaviors and "cultures" (Redmond, 1986) . These 'islands', if not well monitored and protected may, depending on their size, soon lose genetic diversity, and be engulfed by the growing human population. The elephants at Zoba Gash-Barka in Eritrea (Fig. 1) are a classic example of isolated deme. The elephants in Eritrea are confined to a small area of about 100 by 50 km and are especially vulnerable. Since achieving independence in 1991, Eritrea has been coping with a variety of challenges in its effort to recover from war damages. Notwithstanding its struggles, Eritrea is devoting much effort to wildlife conservation. The suggested proposal by Hagos Yohannes (Hagos, 2000) for relocating farmers away from the elephants' habitat to developing (non wildlife designated) areas is a testimony to Eritrea's priorities. The vulnerability of the elephants in Eritrea and their value as part of the international wildlife heritage cannot be overstressed.
Purpose
Short term plans of the Ministry of Agriculture include: continuing with the survey and assessment of populations of elephants (their numbers, ages, demography, and distribution) in preparation for conservation management plans, with emphasis on the possible translocation of local inhabitants from elephant habitat to non-wildlife designated areas. Long term plans include: implementing a well-planned translocating project, including the local people in the overall management plan to give them incentive to participate in these efforts and help improve their living conditions [for example, by building a bridge over the Gash River, constructing fences, as needed, and, if possible, collecting blood and other tissue samples from elephants for genetic studies. Should the translocating project be too difficult to execute, an alternative solution -to erect an electric fence using solar power -is being considered. It is possible that an elephant-proof fence may be needed even after translocation to prevent elephants from moving into other cultivated areas.
Habitat of the Gash-Setit Proposed Reserve
The Gash-Setit area in zoba Gash-barke ( Fig. 1 ) is riverine bush, composed mostly of ziziphus (Ziziphus spina-christi) and doum-palm bush (Hyphaene thebaica; Figs. 2 and 3, and Appendix 2), as well as acacia woodland and savanna. Mosquitoes are commonly found in this area, but not tsetse flies. The Gash River (a wadi) flows during the rainy season (Fig. 2 ) from about June through September, whereas the Setit (Tekezze) River is a permanent river. Elephants are usually located south of the Gash River in the Tekezze Valley, Ethiopia, and migrate between Eritrea and Ethiopia. Local people (usually of the Kunama Tribe) reside on the periphery of the proposed reserve area in sparse habitations with their domestic stocks of camels, cattles, goats, and sheep.
Results and Discussion

Observations and information from local inhabitants
We traveled in desert and semi-desert habitat from the Asmara plateau (2,400 meters, or 7,000 feet, above sea level) to the lowlands via Keren, Akurdat (or Akordat), Barentu, and Haykota (or Haicota, about 500-1,000 meters above sea level; Fig. 1 ). The Gash River was swollen and gushing from the recent rains (Fig 2) , at which time the elephants do not cross the river; thus we were not able to see them. We found, however, scats in the middle of cultivated areas close to the river, a total of five dung boluses (Figs. 4 and 5) . A medium-sized bolus measured 15 x 15 x 15 cm, and a large one measured 20 x 18 x 15 cm. Upon close examination of one of the boluses, we found many fibers, parts of palms, and complete fruits and seeds of doum palms. We also inspected two upper molars of a dead elephant whose age was estimated to be 12-18 years at time of death, and stored tusks of elephants from that region (Table 1 provides essentials; . Note that the eight tusks are about the same length (with an average of 107.3 cm) and with an average weight of 9.8 kg per tusk. . The first four (nos. 1 and 2, and 3 and 4) may be pairs. [3] . Measured along center of tusks as they lay flat on ground.
[4] , Measured as close to the proximal end as possible.
[5] . Measured by inserting a wire into the pulp until it stopped.
[6] . Estimated weight is similar to tusk number 3. [7] . Circumference is estimated because base was broken. This also affected the measurement for the pulp length. Length of pulp cavity was 38.5 cm, and the estimated length is 47.0 cm. [8] , Tusk no. 6 was displayed at the Expo/Festival, Asmara, Eritrea, September 6, 1998. [9] , Data on these tusks were taken at the Jolly Gift Shop, Asmara, Eritrea (November 26, 1999) ; tusks are said to have been collected in the Gash-Barka area, Eritrea.
Based on information from local inhabitants, as conveyed to us by Abraha Garza (head of Ministry of Agriculture Gash-Barka Zone at Barentu), it is evident that there is a conflict between elephants and farmers. The elephants destroy or uproot crops, and the people replant with those that elephants prefer less. For example, many banana plantations close to the river floodplain have been replaced with citrus trees or vegetables such as eggplants and peppers. In recent years angry farmers have shot and killed elephants on their cultivated fields (Fig. 6) . In 1993, for example, a mature elephant (?male) was killed near Tekezze River, and in 1995, a pregnant female was killed near Haykota; her calf was not fully developed and also died. Said et al. (1995, p. 68) reported on an estimate of 70-100 individuals in the Gash-Setit area and noted that in the aerial reconnaissance survey in October 1993 (based on an unpublished report of Hagos, 1993) six elephants were definitely sighted. Said et al. (1995) also reported that the elephants in Eritrea spend a part of each year on the Ethiopian side of the border, south of the Setit River. A more recent survey reported on the sighting of eight elephants, with the possibility of missing some elephants due to dense vegetation, inexperienced crew, and movement of elephants during a period in which the survey was interrupted (see also Appendix 2). Litoroh (1997, p. 16 ) noted that "... the Tekezze valley elephants probably have some linkage with elephants in Sudan." Our estimate on the number of elephants in Eritrea is somewhere between the two extremes noted above (between 8 and 100); obviously long term data collection is required to have a better understanding of the nature of the elephants and their possible local short distance migratory paths.
Estimated number of elephants in Eritrea
Comparing elephant conservation projects
Very few projects may be compared to the suggested conservation plan in Eritrea. Most field observations on elephants deal with ecology and ethology (e.g., Buss, 1961 Buss, , 1990 Kahl and Armstrong, 2000; Moss, 1988; Sikes, 1971) . Some studies are geared towards gathering basic data and recommendation for a management plan, e.g., opening corridors (when such options exist; DouglasHamilton and Douglas-Hamilton, 1975, 1992) or suggesting culling (when a park's carrying capacity of elephants has been exceeded, Buss, 1980; Hanks, 1979) . We are not aware of any conservationrelated projects on elephants in which wildlife authorities are recommending translocating people with goodwill and cooperation from a previously inhabited elephant range (Hagos, 2000) , rather than translocating elephants, as implied in certain literature (DouglasHamilton and Douglas-Hamilton, 1992; Leakey, 1992; Owens and Owens, 1992) . Of course, many workers suggested compensation to farmers/land owners for damage caused by elephants (e.g., Sukumar, 1994) .
In this respect, the proposed conservation plan in Eritrea is unique, and it is hoped that it will be an example for future similar programs. One must keep in mind, however, that the combination of circumstances that exist in Eritrea may not exist in other countries. These include farmers who are willing to move to other areas and wildlife authorities who see the potential in providing a safer environment for the already relict elephant population (elephants have been killed by farmers near the Gash River). Management plans to protect the elephants and their ecosystem in Eritrea will, undoubtedly, necessitate the cooperation of three governments, those of Eritrea, Ethiopia, and Sudan.
Conclusions
Several elephants were observed in the Gash-Setit Reserve area . It is possible that there are more elephants, but they are difficult to spot from the air among the dense "forest" of doum palms and other vegetation. It is also possible that many of the elephants are nocturnal; in June 1999 JS and YY revisited the Haykota area and did not see elephants, but did see many fresh spoors. Interviews with Haile Berhane (a wildlife scout in the Gash-Setit Reserve area since 1992) and farmers revealed that elephants are active at night to avoid human harassment. Haile Berhane also informed us that in the dry season elephants move from Tekezze River to the Gash River area, and during the rainy season when insects are plentiful, they return to Tekezze valley. During the years he has observed a maximum of 18 elephants including young in one day in one locality. Regardless of the exact number, this elephant population is small and isolated (thus may not be viable unless interbreeding with viable populations occurs ** ). Efforts must be made to protect them. Their value cannot be expressed monetarily, but it is substantial ecologically within their ecosystem, both as keystone or super-keystone species (Shoshani, 1992 (Shoshani, , 1993 and in the context of ecotourism (Redmond, 1992 (Redmond, , 1996 . These authors stressed that saving elephants would automatically save large areas that would also protect other wildlife in the same ecosystem. ** There appear to be some positive development for elephants in Eritrea -on September 6, 1998 Kifle Ghebreab, Yonas Isaak, and J. Shoshani of the University of Asmara purchased a video tape (filmed on April 4, 1998 by Mahmood Mohamed) depicting elephants in Haykota area, some with young calves.
